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as recommended by you in that report for 
1897, "to make up for the refusal to them 
of the privilege of retirement, and also to 
secure men of high scientific attainments 
adequate to the demands of one of the most 
capable observatories in the world." To 
secure the services of the ablest astronomers 
the salaries provided should be slightly 
larger than those paid in the higher class 
of university observatories and account 
should be taken of the fact that university 
vacations are much longer than leaves of 
absence from the public service. The 
Board of Visitors recommends the fol- 
lowing as a schedule of salaries which 
could be expected to attract astronomers of 
the class desired : 

Astronomical Director < $6000. 

Director of Nautical Almanac 5000. 

First Astronomer 4000. 

Second " 3600. 

Third " 3200. 

Fourth " 2800. 

First Assistant Astronomer. 2400. 

Second " " 2200. 

Third " " 2000. 

The experience of every great observa- 
tory shows that the efficiency of its staff is 
materially increased by the provision of 
quarters near the observing rooms for those 
persons who are engaged in work by night, 
and we recommend that there should be 
quarters provided upon the observatory 
grounds for all members of the astronom- 
ical staff regularly assigned to night work. 

In concluding its recommendations, the 
Board of Visitors wishes earnestly to urge 
upon your consideration the necessity of 
making a success of the movement which 
you have begun, in order to improve the 
condition of the Naval Observatory, and to 
make its administration satisfactory to the 
great body of the astronomers of the coun- 
try and to the public. 

Some of our recommendations, if they 
meet your approval, can be carried into 
effect by departmental action, but the 



changes which we regard as vital can only 
be obtained through legislation by Con- 
gress. If such legislation is withheld, the 
continuance of present conditions is sure to 
result in a renewed, persistent, and pos- 
sibly acrimonious demand for the removal 
of the observatory from naval control. If, 
however, the legislation is enacted, and the 
improved system is given a fair trial, un- 
questionably much improvement will result, 
and it is not improbable that the observ- 
atory will attain and hold that high stand- 
ing in the scientific world which should be 
required of such an institution. 

To help bring about such a desirable con- 
summation, we have complied with your 
request, although not made in pursuance 
<d any law, that we should visit and inves- 
tigate the observatory, and we have recom- 
mended specific measures which we hope 
will lead to those reforms in administration 
which are imperatively necessary if the ob- 
servatory is to receive and retain the confi- 
dence and support of the astronomers and 
scientists of the world. 



ADDRESS OF THE PRESIDENT OF TSE GEO- 
GRAPHICAL SECTION OF THE BRITISH 
ASSOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE. * 

I. 

In his opening address to the members of 
the British Association at the Ipswich 
meeting, the President cast a retrospective 
glance at the progress that had taken place 
in the several branches of scientific inquiry 
from the time of the formation of the Asso- 
ciation in 1831 down to 1895, the year in 
which were published the last two of the 
fifty volumes of reports containing the 
scientific results of the voyage of H.M.S. 
Challenger. In that very able and detailed 
review there is no reference whatever to 
the work of the numerous expeditions 
which had been fitted out by this and other 
countries for the exploration of the depths 

* Dover, 1899. 
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of the sea, nor is there any mention of the 
great advance in our knowledge of the 
ocean during the period of sixty-five years 
then under consideration. This omission 
may be accounted for by the fact that, at 
the time of the formation of the British As- 
sociation, knowledge concerning the ocean 
was, literally speaking, superficial. The 
study of marine phenomena had hitherto 
been almost entirely limited to the surface 
and shallow waters of the ocean, to the sur- 
vey of coasts and of oceanic routes directly 
useful for commercial purposes. Down to 
that time there had been no systematic at- 
tempts to ascertain the physical and biolog- 
ical conditions of those regions of the earth's 
surface covered by the deeper waters of the 
ocean ; indeed, most of the apparatus neces- 
sary for such investigations had not yet 
been invented. 

The difficulties connected with the ex- 
ploration of the greater depths of the sea 
arise principally from the fact that, in the 
majority of cases, the observations are 
necessarily indirect. At the surface of the 
ocean direct observation is possible, but our 
knowledge of the conditions prevailing in 
deep water, and of all that is there taking 
place, is almost wholly dependent on the 
correct working of instruments, the action 
of which at the critical moment is hidden 
from sight. 

It was the desire to establish telegraphic 
communication between Europe and Amer- 
ica that gave the first direct impulse to the 
scientific exploration of the great ocean- 
basins, and at the present day the survey 
of new cable routes still yields each year 
a large amount of accurate knowledge re- 
garding the floor of the ocean. Immedi- 
ately before the Challenger Expedition there 
was a marked improvement in- all the appa- 
ratus used in marine investigations, and thus 
during the Challenger Expedition the great 
ocean- basins were for the first time syste- 
matically and successfully explored. This 



expedition, which lasted for nearly four 
years, was successful beyond the expecta- 
tions of its promoters, and opened out a 
new era in the study of oceanography. A 
great many sciences were enriched by a 
grand accumulation of new facts. Large 
collections were sent and brought home, 
and were subsequently described by spec- 
ialists belonging to almost every civilized 
nation. Since the Challenger Expedition 
there has been almost a revolution in the 
methods employed in deep-sea observations. 
The most profound abysses of the ocean are 
now being everywhere examined by sailors 
and scientific men with increasing precis- 
ion, rapidity, and success. 

The recognition of oceanography as a dis- 
tinct branch of science may be said to date 
from the commencement of the Challenger 
investigations. The fuller knowledge we 
now possess about all oceanic phenomena 
has had a great modifying influence on 
many general conceptions as to the nature 
and extent of those changes which the crust 
of the earth is now undergoing and has un- 
dergone in past geological times. Our 
knowledge of the ocean is still very incom- 
plete. So much has, however, already been 
acquired that the historian will, in all prob- 
ability, point to the oceanographical dis- 
coveries during the past forty years as the 
most important addition to the natural 
knowledge of our planet since the great 
geographical voyages associated with the 
names of Columbus, Da Gama, and Magel- 
lan, at the end of the fifteenth and the be- 
ginning of the sixteenth centuries. 

It is not my intention on this occasion to 
attempt anything like a general review of 
the present state of oceanographic sci- 
ence.. But, as nearly all the samples of 
marine deposits collected during the past 
thirty years have passed through my hands, 
I shall endeavor briefly to point out what, 
in general, their detailed examination 
teaches with respect to the present condi- 
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tion of the floor of the ocean, and I will 
thereafter indicate what appears to me to 
be the bearing of some of these results on 
speculations as to the evolution of the ex- 
isting surface features of our planet. 

Depth of the Ocean. 

All measurements of depth, by which we 
ascertain the relief of that part of the 
earth's crust covered by water, are referred 
to the sea- surface; the measurements of 
height on the land are likewise referred to 
sea-level. It is admitted that the ocean 
has a very complicated undulating surface, 
in consequence of the attraction which the 
heterogeneous and elevated portions of the 
lithosphere exercise on the liquid hydro- 
sphere. In the opinion of geodesists the 
geoid may in some places depart from the 
figure of the spheroid by 1,000 feet. Still 
it is not likely that this surface of the geoid 
departs so widely from the mean ellipsoidal 
form as to introduce a great error into our 
estimates of the elevations and depressions 
on the surface of the lithosphere. 

The soundings over the water-surface of 
the globe have accumulated at a rapid rate 
during the past fifty years. In the shallow 
water, where it is necessary to know the 
depth for purposes of navigation, the sound- 
ings may now be spoken of as innumerable ; 
the 100-fathom line surrounding the land 
can therefore often be drawn in with much 
exactness. Compared with this shallow- 
water region, the soundings in deep water 
beyond the 100-fathom line are much less 
numerous ; each year, however, there are 
large additions to our knowledge. "Within 
the last decade over ten thousand deep 
soundings have been taken by British ships 
alone. The deep soundings are scattered 
over the different ocean-basins in varying 
proportions, being now most numerous in 
the North Atlantic and South-west Pacific, 
and in these two regions the contour-lines 
of depth may be drawn in with greater con- 



fidence than in the other divisions of the 
great ocean-basins. It may be pointed out 
that 659 soundings taken quite recently 
during cable surveys in the North Atlantic, 
although much closer together than is usu- 
ally the case, and yielding much detailed 
information to cable engineers, have, from 
a general point of view, necessitated but 
little alteration in the contour-lines drawn 
on the Challenger bathymetrical maps pub- 
lished in 1895. Again, the recent sound- 
ings of the German s.s. Valdivia in the At- 
lantic, Indian, and Southern Oceans have 
not caused very great alteration in the 
positions of the contour-lines on the Chal- 
lenger maps, if we except one occasion in 
the South Atlantic when a depth of 2,000 
fathoms was expected and the sounding 
machine recorded a depth of only 536 
fathoms, and again in the great Southern 
Ocean when depths exceeding 3,000 fath- 
oms were obtained in a region where the 
contour-lines indicated between 1,000 and 
2,000 fathoms. This latter discovery sug- 
gests that the great depth recorded by Ross 
to the southeast of South Georgia may not 
be very far from the truth. 

I have redrawn the several contour-lines 
of depth in the great ocean-basins, after 
careful consideration of the most recent 
data, and these may now be regarded as 
a somewhat close approximation to the 
actual state of matters, with the possible 
exception of the great Southern and Ant- 
arctic Oceans, where there are relatively 
few soundings, but where the projected 
antarctic expeditions should soon be at 
work. On the whole, it may be said that 
the general tendency of recent soundings is 
to extend the area with depths greater than 
1,000 fathoms, and to show that numerous 
volcanic cones rise from the general level of 
the floor of the ocean-basins up to various 
levels beneath the sea-surface; 

The areas marked out by the contour- 
lines of depth are now estimated as follows : 
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Between the shore and 100 fms,, 7,000,000 sq. geo. m. (or 7% of the sea-bed 
" 100 " 1,000 " 10,000,000 " " (or 10% " " 

" 1,000 " 2,000 " 22,000,000" " (or 21% " 

" 2,000 " 3,000 " 57,000,000 " " (or 55% " " 

Over 3,000 fathoms, 7,000,000" " (or 7% " " 



103,000,000 sq. geo. m. 100 per cent. 



From these results it appears that con- 
siderably more than half of the sea-floor 
lies at a depth exceeding 2,000 fathoms, or 
over two geographical miles. It is inter- 
esting to note that the area within the 100- 
fathom line occupies 7,000,000 square geo- 
graphical miles, whereas the area occupied 
by the next succeeding 900 fathoms (viz., 
between 100 and 1,000 fathoms) occupies 
only 10,000,000 square geographical miles. 
This points to a relatively rapid descent of 
the sea-floor along the continental slopes 
between 100 and 1,000 fathoms, and, there- 
fore, confirms the results gained by actual 
soundings in this region, many of which 
indicate steep inclines or even perpendicular 
cliffs. Not only are the continental slopes 
the seat of many deposit-slips and seismic 
disturbances, but Mr. Benest has given 
good reasons for believing that underground 
rivers sometimes enter the sea at depths 
beyond 100 fathoms, and there bring about 
sudden changes in deep water. Again, the 
relatively large area covered by the con- 
tinental shelf between the shore-line and 
100 fathoms points to the wearing away of 
the land by current and wave action. 

On the Challenger charts all areas where 
the depth exceeds 3,000 fathoms have been 
called ' Deeps,' and distinctive names have 
been conferred upon them. Forty-three 
such depressions are now known, and the 
positions of these are shown on the map 
here exhibited ; twenty-four are situated in 
the Pacific Ocean, three in the Indian 
Ocean, fifteen in the Atlantic Ocean and 
one in the Southern and Antarctic Oceans. 
The area occupied by these thirty-nine 
deeps is estimated at 7,152,000 square geo- 



graphical miles, or about 7 per cent, of the 
total water-surface of the globe. Within 
these deeps over 250 soundings have been 
recorded, of which twenty-four exceed 
4,000 fathoms, including three exceeding 
5,000 fathoms. 

Depths exceeding 4,000 fathoms (or four 
geographical miles) have been recorded 
within eight of the deeps, viz., in the North 
Atlantic within the Nares Deep; in the 
Antarctic within the Ross Deep; in the 
Banda Sea within the Weber Deep ; in the 
North Pacific within the Challenger, Tus- 
carora and Supau Deeps, and in the South 
Pacific within the Aldrich and Richards 
Deeps. Depths exceeding 5,000 fathoms 
have been hitherto recorded only within 
the Aldrich Deep of the South Pacific, to 
the east of the Kermadecs and Friendly 
Islands, where the greatest depth is 5,155 
fathoms, or 530 feet more than five geo- 
graphical miles, being about 2,000 feet more 
below the level of the sea than the summit 
of Mount Everest in the Himalayas is above 
it. The levels on the surface of the litho- 
sphere thus oscillate between the limits of 
about ten geographical miles (more than 
eighteen kilometers). 

Temperature of the Ocean-Floor. 

Our knowledge of the temperature on 
the floor of the ocean is derived from 
observations in the layers of water immedi- 
ately above the bottom by means of deep- 
sea thermometers, from the electric resist- 
ance of telegraph cables resting on the bed 
of the great ocean-basins, and from the 
temperature of large masses of mud and 
ooze brought up by the dredge from great 
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■depths. These observations are now suffi- 
ciently numerous to permit of some general 
statements as to the distribution of tem- 
perature over the bottom of the great 
oceans. 

All the temperatures recorded up to the 
present time in the sub-surface waters of 
the open ocean indicate that at a depth of 
about 100 fathoms seasonal variation of 
temperature disappears. Beyond that depth 
there is a constant, or nearly constant, tem- 
perature at any one place throughout the 
year. In some special positions, and under 
some peculiar conditions, a lateral shifting 
of large bodies of water takes place on the 
floor of the ocean at depths greater than 
100 fathoms. This phenomenon has been 
well illustrated by Professor Libbey off the 
east coast of North America, where the 
Gulf Stream and Labrador Current run 
side by side in opposite directions. This 
lateral shifting cannot, however, be called 
seasonal, for it appears to be effected by 
violent storms or strong off-shore winds 
bringing up colder water from considerable 
depths to supply the place of the surface 
drift, so that the colder water covers 
stretches of the ocean's bed which under 
normal conditions are overlaid by warmer 
strata of water. Sudden changes of tem- 
perature like these cause the destruction of 
innumerable marine animals, and produce 
very marked peculiarities in the deposits 
over the areas thus affected. 

It is estimated that 92 per cent, of the 
entire sea-floor has a temperature lower 
than 40° F. This is in striking contrast to 
the temperature prevailing at the surface 
of the ocean, only 16 per cent, of which has 
a, mean temperature under 40° F. The 
temperature over nearly the whole of the 
floor of the Indian Ocean in deep water is 
under 35° F. A similar temperature occurs 
over a large part of the South Atlantic and 
certain parts of the Pacific, but at the bot- 
tom of the North Atlantic basin and over a 



very large portion of the Pacific the tem- 
perature is higher than 35° F. In depths 
beyond 2,000 fathoms the average tempera- 
ture over the floor of the North Atlantic is 
about 2° F. above the average temperature 
at the bottom of the Indian Ocean and 
South Atlantic, while the average tempera- 
ture of the bed of the Pacific is intermediate 
between these. 

It is admitted that the low temperature 
of the deep sea has been acquired at the 
surface in Polar and sub-Polar regions, 
chiefly within the higher latitudes of the 
southern hemisphere, where the cooled sur- 
face water sinks to the bottom and spreads 
slowly over the floor of the ocean into 
equatorial regions. These cold waters carry 
with them into the deep sea the gases of 
the atmosphere which are everywhere taken 
up at the surface according to the known 
laws of gas absorption. In this way myriads 
of living animals are enabled to carry on 
their existence at all depths in the open 
ocean. The nitrogen remains more or less 
constant at all times and places, but the 
proportion of oxygen is frequently much 
reduced in deep water, owing to the pro- 
cesses of oxidation and respiration which 
are there going on. 

The deep sea is a region of darkness as 
well as of low temperature, for the direct 
rays of the sun are wholly absorbed in 
passing through the superficial layers of 
water. Plant-life is in consequence quite 
absent over 93 per cent, of the bottom of 
the ocean, or 66 per cent, of the whole sur- 
face of the lithosphere. The abundant 
deep-sea fauna, which covers the floor of 
the ocean, is, therefore, ultimately depen- 
dent for food upon organic matter assimi- 
lated by plants near its surface, in the 
shallower waters near the coast lines, and 
on the surface of the dry land itself. 

As has been already stated, about 7,000,- 
000 square geographical miles of the sea 
floor lies within the 100-fathom line, and 
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this area is in consequence subject to sea- 
sonal variations of temperature, to strong 
currents, to the effects of sunlight and pre- 
sents a great variety of physical conditions. 
The planktonic plant life is here reinforced 
by the littoral seaweeds and animal life is 
very abundant. About 40 per cent, of the 
water over the bottom of this shallow water 
area has a mean temperature under 40° F. , 
while 20 per cent, has a mean temperature 
between 40° and 60° F., and 40 per cent, a 
temperature of over 60° F. 

It follows from this that only 3 per cent- 
of the floor of the ocean presents conditions 
of temperature favorable for the vigorous 
growth of corals and those other benthonic 
organisms which make up coral reefs and 
require a temperature of over 60° F. all 
year round. On the other hand, more than 
half of the surface of the ocean has a tem- 
perature which never falls below 60° F. at 
any time of the year. In these surface 
waters, with a high temperature, the shells 
of pelagic Molluscs, Foraminifera, Algae, 
and other planktonic organisms are secreted 
in great abundance and fall to the bottom 
after death. 

It thus happens that, at the present time, 
over nearly the whole floor of the ocean we 
have mingled in the deposits the remains 
of organisms which had lived under widely 
different physical conditions, since the re- 
mains of organisms which lived in tropical 
sunlight, and in water at a temperature 
above 80° F., all their lives, now lie buried 
on the same deposit on the sea-floor, to- 
gether with the remains of other organisms 
which lived all their lives in darkness and 
at a temperature near to the freezing-point 
of fresh water. 

Marine Deposits on the Ocean-floor. 
The marine deposits now forming over 
the floor of the ocean present many interest- 
ing peculiarities according to their geo- 
graphical and bathymetrical position. On 



the continental shelf, within the 100-fathom 
line, sands and gravel predominate, while 
on the continental slopes beyond the 100- 
fathom line, Blue Muds, Green Muds and 
Bed Muds, together with Volcanic Muds 
and Coral Muds, prevail, the two latter 
kinds of deposits being, however, more 
characteristic of the shallow water around 
oceanic islands. The composition of all 
these Terrigenous Deposits depend on the 
structure of the adjoining land. Around 
continental shores, except where coral reefs, 
limestones and volcanic rocks are present, 
the material consists principally of fragments 
and minerals derived from the disintegration 
of the ancient rocks of the continents, the 
most characteristic and abundant mineral 
species being quartz. River detritus ex- 
tends in many instances far from the land, 
while off high and bold coasts, where no 
large rivers enter the sea, pelagic conditions 
may be found in somewhat closer proximity 
to the shore line. It is in these latter po- 
sitions that Green Muds containing much 
glauconite, and other deposits containing 
many phosphatic nodules, have for the 
most part been found ; as, for instance, off 
the eastern coast of the United States, off 
the Cape of Good Hope, and off the east- 
ern coasts of Australia and Japan. The 
presence of glauconitic grains and phos- 
phatic nodules in the deposit at these places 
appears tobe very intimately associated with 
a great annual range of temperature in the 
surface and shallow waters, and the conse- 
quent destruction of myriads of marine 
animals. As an example of this phenome- 
non may be mentioned the destruction of 
the tile-fish in the spring of 1882 off the 
eastern coast of North America, when a 
layer six feet in thickness of dead fish and 
other marine animals was believed to cover 
the ocean-floor for many square miles. 

In all the Terrigenous Deposits the evi- 
dences of the mechanical action of tides, of 
currents, and of a great variety of physical 
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conditions, may almost everywhere be de- 
tected, and it is possible to recognize in 
these deposits an accumulation of materials 
analogous to many of the marine stratified 
rocks of the continents, such as sandstones, 
uuartzites, shales, marls, greensands, chalks, 
limestones, conglomerates and volcanic 
grits. 

With increasing depth and distance from 
the continents the deposits gradually lose 
their terrigenous character, the particles 
derived directly from the emerged land de- 
crease in size and in number, the evidences 
of mechanical action disappear, and th'e de- 
posits pass slowly into what have been called 
Pelagic Deposits at an average distance of 
about 200 miles from continental coast- 
lines. The materials composing Pelagic 
Deposits are not directly derived from the 
disintegration of the continents and other 
land-surfaces. They are largely made up 
of the shells and skeletons of marine organ- 
isms secreted in. the surface waters of the 
ocean, consisting either of carbonate of lime, 
such as pelagic Molluscs, pelagic Foramini- 
fera, and pelagic Algse, or of silica, such as 
Diatoms and Radiolarians. The inorganic 
constituents of the Pelagic Deposits are for 
the most part derived from the attrition of 
floating pumice, from the disintegration of 
water-logged pumice, from showers of vol- 
canic ashes and from the dibris ejected from 
submarine volcanoes, together with the 
products of their decomposition. Quartz 
particles which play so important a rdle in 
the Terrigenous Deposits, are almost wholly 
absent, except where the surface waters of 
the ocean are affected by floating ice, or 
where the prevailing winds have driven 
the desert sands far into the oceanic areas. 
Glauconite is likewise absent from these 
abysmal regions. The various kinds of 
Pelagic Deposits are named according to 
their characteristic constituents, Pteropod 
Oozes, Globigerina Oozes, Diatom Oozes, 
Radiolarian Oozes and Ked Clay. 



The distribution of the deep-sea deposits 
over the floor of the ocean is shown on the 
map here exhibited, but it must be remem- 
bered that there is no sharp line of de- 
marcation between them ; the Terrigenous 
pass gradually into the Pelagic Deposits, 
and the varieties of each of these great di- 
visions also pass insensibly the one into the 
other, so that it is often difficult to fix the 
name of a given sample. 

On another map here exhibited the per- 
centage distribution of carbonate of lime in 
the deposits over the floor of the ocean has 
been represented, the results being founded 
on an extremely large number of analyses. 
The results are also shown in the following 
table: 

Sq. Geog. Miles. Percentage. 

Oyer 75% CaC0 3 6,000,000 58 

50 to 75% " 24,000,000 23"2 

25 to 50% " 14,000,000 135 

Under 25% " 59,000,000 57-5 

103,000,000 100 

The carbonate of lime shells derived from 
the surface play a great and puzzling rdle 
in all deep-sea deposits, varying in abund- 
ance according to the depth of the ocean 
and the temperature of the surface waters. 
In tropical regions removed from land, 
where the depths are less than 600 fathoms, 
the carbonate of lime due to the remains of 
these organisms from the surface may rise 
to 80 or 90 per cent.; with increase of depth, 
and under the same surface conditions, the 
percentage of carbonate of lime slowly di- 
minishes, till, at depths of about 2,000 
fathoms, the average percentage falls to 
about 60, at 2,400 fathoms to about 30, and 
at about 2,600 fathoms- to about 10, beyond 
which depth there may be only traces of 
carbonate of lime due to the presence of 
surface shells. The thin and more delicate 
surface shells first disappear from the de- 
posits ; the thicker and denser ones alone 
persist to greater depths. A careful ex- 
amination of a large number of observations 
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shows that the percentage of carbonate of 
lime in the deposits falls off much more 
rapidly at depths between 2,200 and 2,500 
fathoms than at other depths. 

The Red Clay which occurs in all the 
deeper stretches of the ocean far from land, 
and covers nearly half of the whole sea-floor, 
contains — in addition to volcanic debris, 
clayey matter, the oxides of iron and manga- 
nese — numerous remains of whales, sharks, 
and other fishes, together with zeolytic crys- 
tals, manganese nodules, and minute mag- 
netic spherules, which are believed to have 
a cosmic origin. One haul of a small trawl 
in the Central Pacific brought to the surface 
on one occasion, from a depth of about two 
and a half miles, many bushels of manganese 
nodules, along with fifteen hundred sharks' 
teeth, over fifty fragments of earbones and 
other bones of whales. Some of these or- 
ganic remains, such as the Carcharodon and 
Lamna teeth and the bones of the Ziphioid 
whales, belong apparently to extinct species. 
One or two of these sharks' teeth, earbones 
or cosmic spherules, may be occasionally 
found in a Globigerina Ooze, but their oc- 
currence in this or any deposits other than 
Eed Clay is extremely rare. 

Our knowledge of the marine deposits is 
limited to the superficial layers ; as a rule 
the sounding tube does not penetrate more 
than six or eight inches, but in some positions 
the sounding-tube and dredge have been 
known to sink fully two feet into the de- 
posit. Sometimes a red clay is overlaid by 
a Globigerina Ooze, more frequently a Eed 
Clay overlies a Globigerina Ooze, the transi- 
tion between the two layers being either 
abrupt or gradual. . In some positions it is 
possible to account for these layers by re- 
ferring them to Changes in the condition of 
the surface waters ; but in other situations 
it seems necessary to call in elevations and 
subsidences of the sea- floor. 

If the whole of the carbonate of lime 
shells be removed by dilute acid from a 



typical sample of Globigerina Ooze, the in- 
organic residue left behind is quite similar 
in composition to a typical Red Clay. This- 
suggests that possibly, owing to some hypo- 
gene action, such as the escape of carbonic- 
acid through the sea-floor, a deposit that 
once was a Globigerina Ooze might be- 
slowly converted into a Red Clay. How- 
ever, this is not the interpretation which 
commends itself after an examination of all 
the data at present available ; a considera- 
tion of the rate of accumulation probably , 
affords a more correct interpretation. It 
appears certain that the Terrigenous De- 
posits accumulate much more rapidly than 
the Pelagic Deposits. Among the Pelagic- 
Deposits the PterapodandGlobigerina Oozes 
of the tropical regions, being made up of the 
calcareous shells of a much larger number 
of tropical species, apparently accumulate 
at a greater rate than the Globigerina Oozes 
in extra-tropical areas. Diatom Ooze being 
composed of both calcareous and siliceous 
organisms has again a more rapid rate of 
deposition than Radiolarian Ooze. In Red 
Clay the minimum rate of accumulation 
takes place. The number of sharks' teeth, 
of earbones and other bones of Cetaceans,, 
and of cosmic spherules in a deposit may 
indeed be taken as a measure of the rate 
of deposition. These spherules, teeth and 
bones are probably more abundant in the 
Red "Clays, because few other substances 
there fall to the bottom to cover them up, 
and they thus form an appreciable part of 
the whole deposit. The volcanic materials 
in a Red Clay having, because of the slow 
accumulation, been for a long time exposed 
to the action of the sea- water, have been 
profoundly altered. The massive manga- 
nese-iron nodules and zeolitic crystals pres- 
ent in the deposit are secondary products 
arising from the decomposition of these vol- 
canic materials, just as the formation of 
glauconite, phosphatic, and calcareous and 
barytic nodules accompanies the decompo- 
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sition of terrigenous rocks and minerals in 
deposits nearer continental shores. There 
is thus a striking difference between the 
average chemical and mineralogical compo- 
sition of Terrigenous and Pelagic Deposits. 
It would be extremely interesting to have 
a detailed examination of one of those deep 
holes where a typical Red Clay is present, 
and even to bore some depth into such a 
deposit if possible, for in these positions it 
is probable that not more than a few feet of 
deposit have accumulated since the close of 
the Tertiary period. One such area lies to 
the south-west of Australia, and its exami- 
nation might possibly form part of the pro- 
gram of the approaching antarctic explora- 
tions. 

Life on the Ocean- floor. 

It has already been stated that plant-life 
is limited to the shallow waters, but fishes 
and members of all the invertebrate groups 
are distributed over the floor of the ocean 
at all depths. The majority of these deep- 
sea animals live by eating the mud, clay, or 
ooze, or by catching the minute particles of 
organic matter which fall from the surface. 
It is probably not far from the truth to say 
that three-fourths of the deposits now cov- 
ering the floor of the ocean have passed 
through the alimentary canals of marine 
animals. These mud-eating species, many 
of which are of gigantic size when compared 
with their allies living in the shallow coastal 
waters, become in turn the prey of numer- 
ous rapacious animals armed with peculiar 
prehensile and tactile organs. Some fishes 
are blind, while others have very large eyes. 
Phosphorescent light plays a most impor- 
tant r6le in the deep sea, and is correlated 
with the prevailing red and brown colors 
of deep-sea organisms. Phosphorescent or- 
gans appear sometimes to act as a bull's-eye 
lantern to enable particles of food to be 
picked up, and at other times as a lure or a 
warning. All these peculiar adaptations 
indicate that the struggle for life may not 



be much less severe in the deep sea than in 
the shallower waters of the ocean. 

Many deep-sea animals present archaic 
characters ; still the deep sea cannot be 
said to contain more remnants of faunas 
which flourished in remote geological 
periods than the shallow and fresh waters 
of the continents. Indeed, king-crabs, 
Lingulas, Trigonias, Port Jackson sharks, 
Ceratodus, Lepidosiren and Protopterus prob- 
ably represent older faunas than anything 
to be found in the deep sea. 

Sir Wy ville Thompson was of the opinion 
that, from the Silurian period to the present 
day, there had been as now a continuous 
deep ocean with a bottom temperature os- 
cillating about the freezing-point of fresh 
water, and that there had always been an 
abyssal fauna. I incline to the view that in 
Paleozoic times the ocean-basins were not 
so deep as they are now ; that the ocean 
then had throughout a nearly uniform 
high temperature, and that life was either 
absent or represented only by bacteria 
and other low forms in great depths, as is 
now the case in the Black Sea, where life is 
practically absent beyond 100 fathoms, and 
where the deeper waters are saturated with 
sulphuretted hydrogen. This is not, how- 
ever, the place to enter on speculations con- 
cerning the origin of the deep-sea fauna, 
nor to dwell on what has been called ' bipo- 
larity ' in the distribution of marine or- 
ganisms. John Murray. 
(To be Continued.) 
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t See sketch in Popular Science Monthly, with an en- 
graved portrait on wood, Vol. XXXV., p. 690, Sep- 
tember, 1889. Also see article in Scientific American, 
February 27, 1892, with a half-tone portrait. 



